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SIGNAL PROPAGATION DELAY ROUTING 
FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for providing a routing 
5 mechanism in an ad-hoc network. 

BACKGROUND OF THE INVENTION 

Figure 1 is a diagram of an ad hoc network. An ad hoc network comprises nodes, 
10 such as mobile stations that can communicate directly with each other, without 
the use of a centralised access point In such a network all nodes behave as 
routers. Since the nodes are free to move randomly the topology of the network 
changes with time. Data from a source node (1) (the terminal that is sending 
data) is sent to a destination node (2) (the terminal that is receiving the data), via 
15 intermediate nodes which forward the data from the source node to the 
destination node. Determining the route by which data is sent from the source 
node to the destination node is achieved by selecting which intermediate nodes 
: are used to forward the data. This is known as routing. 

20 Different routing protocols for ad hoc networks are currently known. These 
routing protocols can be classified as: 'table driven' and 'on demand* routing, 
otherwise known as 'proactive' and 'reactive' routing, respectively. In table driven 
protocols, each node maintains one or more tables -containing routing information 
to other nodes in the network. These tables are updated using periodic 

25 transmissions between nodes so as to change with the topology of the network. 
Examples of table driven routing protocols include Dynamic Destination 
Sequenced Distance Vector Routing Protocol "(DSDV), Global State Routing 
(GSR) and Wireless Routing Protocol (WRP). In contrast, on demand routing 
protocols invoke route discovery mechanisms only when a route is needed. 

30 Examples of on demand routing protocols include Ad Hoc On Demand Distance 
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Vector Routing (AODV), Dynamic Source Routing (DSR), Temporally Ordered 
Routing Algorithm (TORA) and Associativity Based Routing (ABR). 



In the DSDV protocol, every mobile station maintains a routing table that lists all 
5 available destinations, the number of hops to reach the destination and the 
sequence number assigned by the destination node. The sequence number is 
used to distinguish old routes from new ones and thus avoid the formation of 
loops. The mobile stations periodically transmit their routing tables to their 
immediate neighbours. A station also transmits its routing table if a significant 
10 change has occurred in its table from the last update sent. Therefore, the update 
is both time driven and event driven. The routing table updates .can be sent in 
two ways; either by sending the full routing table to the neighbours or toy 
incrementally updating entries that have changed since the last update. 

15 Ad hoc On-demand Distance Vector routing (AODV) is an improvement on the 
DSDV algorithm. AODV minimises the number of broadcasts by creating the 
routes on demand as opposed to DSDV that maintains the list of all the routes. 

To find a path to the destination node, the source node broadcasts a route 
20 request message. The neighbouring nodes in turn broadcast the message to 
their neighbours until it reaches an intermediate node that has recent route 
information about the destination node, or until the message reaches the 
destination. A node discards a route request message that it has already seen. 
The route request message uses sequence numbers to ensure tfiat the routes 
25 are loop free and to ensure that if the intermediate nodes reply to the route 
request message, they will reply with the most recent information only. 

When a node forwards a route request message to neighbouring nodes, it also 
records in its. tables the node from which the first copy of -the request -came. This 
30 information is used to construct the reverse path for the route reply, or 
acknowledgement message. AODV uses only symmetric links because the route 
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reply message follows the reverse path of the route request message. As the 
route reply message traverses back to the source node, the nodes alpng the path 
enter the forward route into their tables. 

5 Mobile device positioning, is an important requirement of any 
telecommunications system and is an existing feature in both ad hoc and cellular 
networks. The Federal Communications Commission (FCC) requires wireless 
service providers to support a detailed positioning mechanism. Positioning 
information of a mobile station may be used for many purposes: 
10 - pricing of calfs may be based on the position of a mobile station, whereby -calls 
made from the home area, for example, may be cheaper; 

- when an emergency call' is placed from a mobile station, it is possible to 
determine the position of the mobile station; 

- the user of a mobile station may need information about his/her location e.g. 
15 when travelling; 

- the authorities can use the positioning information to locate a stolen mobile 
station or to trace a missing person, for example. 

Generally, positioning methods are based on the propagation characteristics of a 
20 radio wave signal sent to or from the mobile station, using the delay and direction 
of the signal between the transmitter and the receiver to determine a position. 
Therefore, the accuracy and complexity of such methods are inclined dependent 
on the characteristics of the radio channel. Many different positioning methods 
have been developed for mobile positioning. They can be categorized based on 
25 the way they utilize the radio signal characteristics for determining the location of 
the mobile station. 

Classifications of methods used to determine position include: 
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- CellJD-based positioning 

- Round Time Trip (RTT) 

- Time Of Arrival (TOA) 

- Different Time Of Arrival (DTOA) 
5 - Angle Of Arrival (AOA) 

- Signal strength-based such as Reference Node-Based 
Positioning <also called local positioning) 

Positioning methods may also incorporate any combination of these methods. 

10 

In a TOA method, the location calculation is based on the propagation delay of a 
signal from a transmitter to a receiver. By measuring the time of arrival of signals 
from three transmitters at a receiver, the position of the receiver can be 
calculated using triangulation techniques that are well known in the art. 

15 

The above-mentioned ways of calculating the position of a mobile station can be 
utilized in various systems such as cellular systems, purely location systems, or 
any similar systems. Presently, the most popular positioning system is Global 
Positioning System (GPS). Positioning features are extending to the cellular 
20 systems such as Global System for Mobile Communications <GSM), Universal 
Mobile Telejrammunjcati0i3 -System (JJ.MXS) and International Mobile 
Telecommunications 2000 {IMT2000). 

GPS is the most popular position location system due to its accuracy and 
25 worldwide availability. GPS consists of a constellation of satellites in orbit above 
the Earth. GPS position determination is based on the arrival times, at a -receiver 
at the mobile station, of precisely timed signals from the satellites that are above 
the user's radio horizon. Each satellite uses an atomic clock to record the time at 
which the signal is sent An accurate clock at the receiver measures the time 
30 delay between the signals leaving the satellites and arriving at the receiver. This 
allows the calculation of the distance of the mobile station to each satellite. If 
three satellites are visible to the receiver, triangulation can be used to find the 
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location of the mobile station. If a fourth satellite is used, the receiver may also 
calculate its latitude. Since the clock in the receiver is not as accurate as the 
atomic clocks in the satellite the calculation of the distance from each satellite will 
have a standard error, which prevents the spheres calculated during triangulation 
5 from intersecting at the same point. The receiver therefore can calculate the 
distance adjustment that will cause the four spheres to intersect at one point. 
This allows it to adjust its clock to adjust its measure of distance. For this reason, 
a GPS receiver actually keeps extremely accurate time, on the order of the actual 
atomic clocks in the satellites. Currently, the Standard Positioning Service offered 
10 by GPS provides a positioning accuracy of 100 meters horizontally and 156 
meters vertically and time transfer accuracy to UTC within 340 nanoseconds (95 
percent). 

SUMMARY OF THE INVENTION - to be completed when claims are agreed. 

15 

It is an aim of this invention to provide a method for improving current routing 
algorithms. 

According to a first aspect of the present invention there is provided a method of 
20 routing a message from a source node to a destination node in an adhoc 
wireless network comprising a plurality of nodes, comprising the steps of; 
transmitting a first message from the source node to the destination node, 
receiving said first message at said destination node, transmitting a second 
message from said destination node in response to the first message and 
25 wherein at least one of said first message and said -second message is sent 
between the source and destination nodes via a plurality of paths comprising at 
least one intermediate node, selecting a path for communication between the 
source node and the destination node using an indication of the time taken for at 
least one of said second and first messages to propagate between «ach node on 
30 each path. 
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According to a second aspect of the invention, there is provided an ad hoc 
wireless network comprising a plurality of nodes wherein a source node is 
arranged to transmit a first message to a destination node, said destination node 
is arranged to receive the said first message, said destination node is arranged 
5 to transmit a second message in response to said first message and at least one 
intermediate node is arranged to transmit at least one of said first message and 
said second message via a plurality of paths. Said network further comprising 
selecting means arranged to select at least one of said plurality of paths for 
communication between said source node and said destination node using an 
10 indication of the time taken for at least one of said second and first messages to 
propagate between each node on each path. 

According to a third aspect of the present invention there is provided a node in an 
ad hoc wireless network, said ad hoc network comprising a plurality of nodes, 
15 said node comprising: means for receiving and transmitting at least one of a 
plurality of messages sent on a plurality of communication paths; means for 
indicating the time said at least one message is received at the node; and means 
for indicating the time said message is transmitted from the node. 

2 o BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will now be described by way of example 
with reference to the accompanying drawings, in which; 

25 Figure 1 is a diagram of a MANET (mobile ad hoc network) network; 

Figure 2 is a diagram of a MANET network in accordance with an embodiment of 
the present invention; 

30 Figure 3 is a diagram of the basic- frame structure of a message in accordance 
with an embodiment of the present invention. 
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Figure 4 shows a flow chart of a routing algorithm embodying an example of the 
present invention. 

5 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Figure 1 shows an example of a mobile ad hoc network according to the present 
invention. The mobile ad hoc network will hereinafter be referred to as MANET, 
which is a popular abbreviation used in this field to indicate these types of 

10 networks. It can be seen that the MANET network is comprised of a plurality of 
network nodes 3, each node having at least one radio transceiver for transmitting 
and/or receiving from a neighbour node. Figure 1 represents a snapshot of a 
MANET network at a particular instance in time, because by definition the ad hoc 
nature of such network means that the topology shown in Figure 1 is expected to 

15 change dynamically over time. That is, the nodes 3 in a MANET network are free 
to move. 

Data is transmitted across the network using a packet switched system where 
data packets are routed through a communications network on a "hop by hop" 

20 basis to reach their final destination. The Internet protocol (IP) is one 
embodiment of a protocol, which can be used to transfer packets across a 
MANET network. The Internet protocol is predominantly concerned with the 
network layer of the open system interconnection <OSI) model and as such 
overcomes the vendor specific limitations of certain communication devices 

25 operating at the lower levels, i.e. the physical or application layers. 

Measurements of the time for a signal to propagate, hereinafter referred to as the 
signal propagation delay (SPD) may be based on the Time of Arrival (TOA) or 
the Round Trip'Tirne (RTT) of a radio signal. -In this context, the TOA refers to the 
30 time for a signal to propagate from the source ^transmitter) node to the 
destination or intermediate (receiver) node. More specifically the TOA may refer 
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to the time between when the start of the radio signal or data frame at a 
transmitter node (e.g. the source node) is transmitted to when the beginning ;(the 
first significant path) of the corresponding signal/frame is received at the receiver 
node (e.g. the destination node or intermediate node). The RTT on the other 
5 hand, is defined as the time for a signal to propagate from the source node to the 
destination and return to the source node. 



The time between when a message is sent from the source (transmitter) node to 
when a corresponding message returns to the source node is not the actual 

10 round trip time for the signal to propagate. This is because there is an unknown 
time offset between the reception and transmission of a signal at each node. In 
accordance with an embodiment of the present invention, each intermediate 
node reports an indication of the time offset between receiving and transmitting a 
message, in order for the exact signal propagation time to be -established. The 

15 manner by which this may be achieved will now be discussed. 
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As shown in Figure 2 a source node 1 initiates a route discovery by sending a 
route . discovery/request message 4 to neighbouring nodes. The route 
discovery/request message may be sent in accordance with any of the routing 
protocols described above. As such the route discovery/request message may 
5 be table driven* or sent 'on demand*. For example, on receipt of the route 
discovery/request message the neighbouring nodes in tum broadcast the 
message until the message reaches an intermediate node that has recent route 
information about the destination node by which the message is then routed, or 
until it reaches the destination. A node discards a route request message that it 
10 has already seen. When an intermediate node forwards a route 
discovery/request message to its neighbours, it may also record in its tables the 
node from which the first copy of the request came. This information is used to 
construct the reverse path for the route reply packet. 

15 In one embodiment of the present invention, the route discovery/request 
message includes a metrics field for storing an indication of the time that the 
message is received by and transmitted from each node on the path to the 
destination node. Recording the time of transmission and fieception of the 
message is known as time stamping the message. The manner in which these 

20 measurements are used for routing will be described in detail herein after. 

In order for the timestamps included in the metrics field , of the message to be 
used in routing protocols of embodiments of the present invention, it is necessary 
for a clock in each node to be synchronized with the rest of the nodes within the 

25 established adhoc network. The synchronization could be accomplished when a 
node registers with the adhoc network, for example, at the time of network entry. 
In this case, network-aided synchronization is part of the network functionality. In 
addition, nodes may use other references, such as j GPS for synchronization 
purposes. When utilizing GPS reference, each node may include a GPS receiver, 

30 which allows the clock in the receiver to be adjusted in relation to the atomic 
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clocks in GPS satellites, thus allowing the clock in the receiver to have an 
accuracy equivalent to an atomic clock. 

On receipt of the route discovery/request message at the destination node 2, the 
5 destination node creates an acknowledgement message that includes a precise 
indication of the time at which the acknowledgment message is sent from the 
destination node. The basic frame structure of an acknowledgement and a route 
discovery/request message is shown in figure 3. The message may include a 
'type'- field 32, address fields including the destination IP address 34 and the 

10 source IP address 36, a life time field 38, a metrics field 40, a request 
identification 46, a destination node Sequence Number (SN) 42 and a source 
node Sequence Number (SN) 44. The 'type* field specifies whether the message 
is an acknowledgement message or a route discovery/request message. The 
timestamps included in the message may be stored in the metrics field 40 of the 

15 message. 

In an embodiment of the present invention acknowledgement message will be 
created on receipt of each route discovery message received at the destination 
node. Each acknowledgement message will propagate through the MANET 
20 network by tracing the path of the route discovery message it is sent in reply to, 
using the information stored in the tables of each intermediate node 3. 

An acknowledgment message will first be sent from the destination node to the 
last intermediate node on the path between the source node and the destination 
25 node. On receipt of the acknowledgement message the intermediate node 
records the time of arrival of the acknowledge message. 

In one embodiment of the present invention, the intermediate node compares the 
time stamp contained in the acknowledgement message to the time of arrival of 
30 the acknowledgement message at the intermediate node, in order to -calculate 
the signal propagation delay across path TOA1 . 
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The calculated signal propagation delay for path TOA1 is stored in the metrics 
field of the acknowledgement message. Immediately before the message is 
routed to' the next intermediate node, the transmitting intermediate node 
5 timestamps the message. The acknowledgement message is then routed to the 
next intermediate node using routing information stored in the table, which 
recorded the node from which the first copy of the route discovery message 
came. 

10 On receipt of the acknowledgement message by the next intermediate node, the 
node measures the time of arrival of the acknowledgement message and 
compares it to the time stamp included in the message indicating when the 
message was transmitted from the previous node, in order to calculate the signal 
propagation delay TOA2. The measured signal delay cross path TOA2 is then 

15 stored in the acknowledgement message. The signal delay across path TOA2 
may be added to the signal delay across path TOA1, or it may be stored 
separately in the metrics field. This process continues as the acknowledgement 
message is routed across the MANET network by the intermediate nodes, until it 
arrives at the source node 1 . 

20 

The source node will receive an acknowledgement message in reply to each of 
the route discovery messages, which were received by the destination node. 
Each acknowledgement message will contain information of the signal 
propagation delay between each intermediate node on the route between the 
25 destination node and the source node. As previously described, the signal 
propagation delay for each 'hop' of the message path may be -stored separately 
in the acknowledgement message or added together. 

In an alternative embodiment of the present invention the intermediate nodes that 
30 route the acknowledgement message from the destination node to the source 
node each time stamp the message at the moment the message is received and 
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when the message is transmitted. The time taken for the message to propagate 
over each hop of the message path can then be calculated at the source node 
from the time stamps contained in each acknowledgement message. 

5 . When added together, the sum of the signal propagation delay over the total 
number of radio channel hops on the acknowledgement message path will be 
less than the signal propagation delay of the entire journey of the 
acknowledgement message from the destination node to the source node. This is 
since the total length of time for the signal to propagate from the destination node 
10 to the source node includes the time taken to process the signal at each node in 
addition to the time taken for the signal to propagate between .each node. 

This information relating to the signal delay for each hop in an acknowledgement 
message path may be stored on the routing table of the nodes. In the case of a 

15 hybrid network solution, with overlaid backbone (such as cellular) and local 
proximity adhoc networks, this information may partly stored and/or process at a 
server or other network element. This information may be used for mobility 
management (handover), call admission, and other function of radio resource 
management as well as for supporting the local adhoc functions. For -each 

20 destination node a table may contain information for each route acknowledged by 
acknowledgement messages 5. Since each acknowledgement message 
contains a time stamp from when the acknowledge message was sent from the 
destination node, the time of the total journey for the message to reach the 
source node from the destination node may be calculated. This may be stored in 

25 addition to the signal delay for each hop, including the processing delay, for a 
particular route to a destination node. 

In an alternative embodiment of the present invention, the timestamps included in 
the metrics field of the message are used to calculate the time between the 
30 reception and transmission of the message at each node. This may then be 
subtracted from the time of the total journey for the message to reach the source 
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node from the destination node in order to calculate the actual signal propagation 
delay. 

In a preferred alternative embodiment, signal propagation delay measurement 
5 extracted in conjunction with route discovery message as well using the same 
approach as described previously. In this case, the destination . node may 
process an algorithm to determine the shortest path to the source node. 

10 The distance between each intermediate node used to route an 
acknowledgement message may be calculated from the signal propagation delay 
using the following equation; 

D = ct 

15 

where D is the distance between a transmitting intermediate node and a 
receiving intermediate node corresponding to one 'hop' of the propagation path; c 
is the speed of light; and t is the signal propagation delay between the 
transmitting and receiving node. The distance between nodes on a route may be 
20 stored as an alternative, or in addition, to the time taken for the signal to 
propagate between each node of a particular route for use in a routing algorithm 

In a further embodiment of the present invention, the destination node may~elect 
a set of the shortest paths when replying to request messages having signal 

25 propagation delay measurements stoned in the metrics field. In an alternative 
embodiment the preliminary election by the destination node of a set of shortest 
paths may be based on the hop count, (i.e. the number of hops on a path) 
avoiding the overhead due to the SPD measurements. This approach is referred 
to as Destination node-Assisted Route Election (DARE). The final route election, 

30 may then be processed in source node based s on the SPD measurements 
embedded in the acknowledge messages. 
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In a further embodiment of the present invention, the routing decision may be 
made iteratively. This means that a routing algorithm will select a route based on 
parameters such as hop count or RTT measurements, which can be obtained 
readily in order to accelerate the routing convergence at the time, of routing 
5 creation. It can however keep a set of candidate routes in order to optimise the 
routing upon the first set up of the connection. This approach is referred to as 
Step-Wise Routing (SWR). in this approach, QoS (Quality of Service) classes are 
mapped to the routing candidates, providing the best available QoS for a -certain 
period. For, example,- real-time (RT) traffic such as speech is mapped into those 
10 route candidates, which have shortest time-to-convergence (i.e. the time taken 
for the source node to select a valid path to the destination node), highest link 
stability and the shortest paths. On the other hand, Non-Real-Time (NRT) traffic 
such as data can be allocated to those routes with longer time-to-convergence 
and longer paths. 

15 

Time stamping a message on receipt and transmission from a node allows the 
processing time taken by the intermediate nodes for a particular route to be 
calculated. This is particularly important for choosing routing paths, routed by 
interrfiediate nodes that use the least amount of power. When the total journey 

20 time for the acknowledgement message to propagate from the destination node 
to the source node is much greater than the sum signal propagation delay of the 
message across each hop of the route, it can be asserted that the time taken to 
process the message at the intermediate nodes is relatively high, (assuming that 
there is otherwise zero-interval between reception and transmission in each 

25 node). This would indicate that the intermediate nodes on the path use a 
relatively large amount of power to route the message. 

Using a large amount of power to route an acknowledgement message is 
undesirable. Large power consumption may be due to a number of factors 
30 including using a relatively high number of intermediate nodes to route a 
message, or routing the message via nodes which take a long time to process 
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the message. Therefore paths which have a relatively small difference between 
the total journey time and the sum propagation delay across each hop of the 
route may be selected by a routing algorithm to ensure that the selected paths 
route the message more efficiently. 



In an alternative embodiment of the present invention power attributes may be 
used as additional parameters for making routing decisions. Such attributes 
include; the power available at an intermediate node for relaying the routing 
relating information and also user data associated with the routing function; the 
10 power needed for relaying and/or buffering the communication data; and the 
energy remaining in a nodes' battery. The power attributes can also appear as 
cost functions based on transmit power level on each hop on a route, to 
determine a low energy-consuming route between a pair of nodes. 

15 Parameters, such as power incentive (by providing free services, fair fee, etc.) for 
adhoc sharing may also be included in power aspects. 

Therefore in such an embodiment of the present invention, this information may 
be included in the metrics field of either the discovery/request message, or the 
20 acknowledgment message as it travels between the source node and the 
destination node to be used by the routing algorithm. 

The stability of the- radio channel over a specific path, or link 1 may also be used 
as a further parameter for making routing decisions. The longer the link is able to 

25 handle the best or requested QoS, the more stable the link. Link stability is 
closely related to the node mobility, which is discussed in more detail hereinafter. 
As the node mobility increases the probability of link being stable will most tikely 
decrease. Handover Indication can also show the level of the link 
stability/instability, that is, the more handover are happened the more instable will 

30 be the initiated link. Therefore in this particular embodiment of the present 
invention each route, may be stored together with an indication of the link stability. 
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In an alternative embodiments the present invention, signal propagation routing 
as described above may be applied to ad hoc networks wherein the nodes are 
moving at a common velocity. That is, the nodes are moving in a general 
5 direction. Such a situation could arise when the nodes are used on a train for 
example. 

Position co ordinates of a node may be used to determine the velocity of a node. 
In one embodiment of the present invention, each node has a *GPS receiver, by 
10 which each node may calculate its own position. In an alternative embodiment of 
the invention a node may calculate its position using cellular positioning such as 
Time of Arrival (TO A) and local positioning, also called Reference Node-Based 
Positioning (RNBP) method. 

15 Cellular positioning methods are well known in the art and will not be described in 
detail herein. Using time stamped signals sent from three surrounding base 
stations, a node may calculate its distance from each base station based on the 
signal propagation delay from each base station. The location of the node may 
then be given by; 

20 

P(i) = ((X(i) - x(m))2 + (Y(i) - y(m))2 + (Z(i) - z<m))2 )1/2 

where (X(i), Y(i), Z(i)) are the coordinates of each neighbouring base station, 
(x(m), y(m), z(m)) are the calculated distances of the node from each base 
25 station and P(i) is the location of the node. 

In this embodiment of the invention, since each node is able to calculate its own 
position, each intermediate node on a message route may record its position in 
the acknowledgement message. By measuring a first set of position coordinates 
30 at a time T1 and a second set of position coordinates at a time T2. The velocity 
of a node is given by the equation; 
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V = (((x(m2) - x(m1)) 2 + (y(m2) ~y(m1)) 2 + (z(m2) -z(m1)) 2 ) 1/2 ) / AT 

where V is the velocity of the node, (x(m1) f y(m1), z(m1)) are the first set of 
5 position coordinates of a node and (x(m2), y(m2), z(m2)) are the second set of 
position coordinates of a node and AT is the time between Ti and T2. This 
information can be updated in the same manner as signal propagation delay 
times are updated in the routing tables. However, as they may be subjected to 
the changes more frequent updating is desirable. In one embodiment of the 
10 present invention position coordinates are determined from information, which is 
already available through positioning mechanisms used for location-based 
services. 

When the velocity measurements are known, nodes having the same velocity 
15 measurement are identified and grouped into sets. Routing may then only be 
implemented using nodes having the same velocity. 

In an alternative embodiment of the present invention the movement of the node 
can also be interpreted from its signal strength, for example, if a node detects 

20 that the signal from another node is getting stronger, this may indicate that the 
nodes are getting closer together. In addition, an unchanged signal strength may 
indicate that the nodes are not moving relative to one another, or that the nodes 
are moving slowly. Movement patterns can be constructed based on the 
detected characteristics indicating movement, such as -signal strength, and can 

25 be used in comparing the measured/obtained value with a target set and 
assessing* the movement parameter. For adhoc networks with hybrid 
architecture, the movement of nodes relative to a trunk node may be detected. 
Router election could be based on the movement within the adhoc cell, 
depending on the node's movement towards or away from the trunk node, 

30 keeping the trunk node and .the routers within the adhoc -cell. 



17 



WO 2004/023740 ^PCT/IB2003/003736 



In an alternative embodiment of the present invention information relating to the 
number of data packets (control or user data) lost during a specific time span 
may be used as additional parameters for making routing decisions. It can be 
measured by, for example, Bite . Error Ratio (BER) or Frame Error Rate (FER). A 
5 Medium Access Control (MAC) frame could be used as a reference, the size of 
which may be chosen to adapt to channel conditions. The packet loss may 
include both those packet lost over radio channel or due to lack of processing 
power at the node. 

10 In a further embodiment of the present invention, received power or alternatively 
Signal to Noise Ratio at the receiver node may be used as a further parameter 
for making routing decisions. It can be measured based on ratio of the power of 
the required signal to that of the interference. Interference includes background 
noise and noise like interference from other users in the system. 

15 

In a further embodiment of the present invention, processing delay or load factor 
may be used in the routing algorithm. This indicates the time spent or needed for 
the node to process or buffer the relayed information. It also may refer to number 
of radio link in association with different routes. 

20 

In a further embodiment of the present invention, QoS may also be used in a 
routing algorithm. QoS Refers to how well the requested traffic attributes such as 
bit rate, service components, routing delay, etc. are met QoS can be assessed 
based on the target QoS of a call/connection and the level of QoS providing by 
25 the link. For instance, the degree of requested bit rate can be -considered in 
association with the length of hop when electing the candidate routes. 

Due to the radio channel instability, using a single parameter for routing may not 
provide the best results in most circumstances. Therefore depending on the 
30 network environment and data traffic, a hybrid approach may be used to consider 
the importance of other parameters, which are important in routing election. An 
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example of a routing algorithm used in an embodiment of the present invention 
will now be discussed in relation to figure 4. 

Firstly, at step 1 (S1), measurements of at least some of the above mentioned 
5 parameters are made in the manner previously described. This information may 
already be available if there is a table driven routing approach used, in which 
case the information is retrieved from history data store 50. As described 
previously, this information may be stored in the nodes' cache memory in a 
distributed manner or can be held centrally in a server or network element. 



At step 2 (S2), parameter measurements are used to select which .parameters 
are to be used as routing criteria and to further set target values for the selected 
parameters. The target value for each parameter may be defined dynamically 
based on the system requirements, the radio network environment and the 
15 . requested quality of service. 

Further, at step 2 (S2), each parameter is also given a priority value rjj. At this 
step it is important to identify the key parameter that is to be taken into account 
when electing the route from the source to destination node. For example, if the 

20 signal delay is considered to be the most important parameter thenjt will be 
given the highest priority value rj\. Parameter setting is a. continuous process but 
it need not necessarily be repeated by each iteration of the algorithm. In an 
embodiment of the present invention it is possible to store the target values, 
priority values and other information relating to parameters in the history data 

25 store 50. However, the priority value should be defined dynamically for specific 
time span due to the instable radio channel characteristics. This may be used for 
routing and/or use in association with other functions accomplished in the 
network, for example location services, handover and network optimisation. 



10 
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Once the priority values have been established, at step 3 (S3), a Route Election 
Weighted Factor for each parameter of each route path is calculated by 
multiplying a, (correlation with the target value), by the priority value 

5 At step 4 (54) the route election weighted factor (REWF) is calculated for each 
path, using the equation; 

it 

REWF ^^a r r} r k 
10 where 

ai is the output of target mapping for rth criterion for each route path, r)\ is the 
priority value defined for each routing criterion in the routing algorithm, n is an 
integer and k is a normalization coefficient that can be predefined. 

15 At step 5 (S5), based on REWF, the algorithm selects the best available route (or 
set of best routes; best, second best, third best, etc.). If there is no route 
available then the algorithm re-arranges the target sets (rearrangements for 
target values could be a option) for REWF determination within a specific time. 
The routing algorithm is then repeated using the new criteria. Alternatively, the 

20 algorithm may indicate that there are no routes available to meet the original 
target set. 
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Table 1 shows an example of calculated values using the routing algorithm 
described above. 
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5 Table 1 



It is noted herein that while the above describes exemplifying embodiments of 
the invention, there are several variations and modifications which may be made 
15 to the disclosed solution without departing from the scope of the present 
invention as defined in the claims 
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Claims: 



1. A method of routing a message from a source node to a destination node 
5 in an adhoc wireless network comprising a plurality of nodes, comprising the 

steps of; 

transmitting a first message from the source node to the destination node, 
receiving said first message at said destination node, 

transmitting a second message from said destination node in response to the first 
10 message and, 

wherein at least one of said first message and said second message is sent 
between the source and destination nodes via a plurality of paths comprising at 
least one intermediate node, 

selecting a path for communication between the source node and the destination 
15 node using an indication of the time taken for at least one of said second and first 
messages to propagate between each node on each path. 

2. A method of routing a message as claimed in claim 1, wherein the 
indication of the time taken for at least one of the first and second messages to 

20 propagate between each node on the path is provided by time stamping the at 
least one of the first and second message at the time when the at least one of 
the first and second message is transmitted at each node. 

3. A method of routing a message as claimed in claim 1 or 2, wherein the 
25 indication of the time taken for the at least one of the first and second messages 

to propagate betwoen each node on the path is provided by time stamping the at 
least one of the first and second messages at the time when the at least one of 
the first and second messages is received at each node. 

30 4. A method of routing a message as claimed in claim 1, wherein the 
indication of the time taken for the at least one of the first and second messages 
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to propagate between each node on the path is given by calculating the actual 
time taken for the at least one of the first and second messages to propagate 
between each node and storing the calculated times in the messages. 

5 5. A method of routing a message as claimed in claim 4 wherein the method 
comprises the step of: 

summing the calculated times stored in the messages in order to determine the 
time taken for the at least one of the first and second messages to propagate 
between the source node and the destination node, 

10 

6. A method as claimed in any preceding claim, comprising the step of. 
calculating the time taken for the at least one of the first and second messages to 
propagate between the source node and the destination node. 

15 7. A method as claimed in claim 5 and 6, comprising the step of comparing 
the calculated time taken for the at least one of the first and second messages to 
propagate between the source node and the destination node to the time 
between transmitting the at least one of the first and second messages from 
either the source or destination node and receiving the at least one of the first 

20 and second messages at either the source the source or destination node. 

8. A method of routing a message in accordance with any preceding claim 
further comprising the step of; 

measuring the signal quality of the at least one of the first and second 
25 messages at each node on the path; and 

selecting a path for communication between the source node and the destination 
node using the measured the signal quality. 

9. A method as claimed in claim 8, comprising the step of storing the signal 
30 quality measurement in the at least one of the first and second messages. 
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10. A method of routing a message in accordance with any preceding claim 
further comprising the step of; 

calculating the distance between each node; and 
selecting a path for. communication between the source node and the destination 
5 node using the calculated distance. 

11. A method as claimed in claim 10, comprising the step of storing the 
calculated distance in the at least one of said first and second messages. 

10 12. A method of routing a message in accordance with any preceding claim 
further comprising the step of 

calculating the velocity of at least one of said nodes 

selecting a path for communication between the source node and the 
destination node using the calculated velocity of at least one of said nodes. 

15 

13. A method as claimed in any preceding claim further comprising the steps 
of measuring power attributes of at least one of said nodes; 

selecting a path for communication between the source node and the 
destination node using said measured power attribute. 

20 

14. A method as claimed in any preceding claim further comprising the step- of 
assessing the link stability of the plurality of paths between said plurality of 
nodes, selecting a path for communication between the source node and the 
destination node using said assessed link stability. 

25 

15. A method as claimed in any preceding claim, further comprising the step 
of assessing the required Quality of Service; and 

selecting a path for communication between the source node and the destination 
node based on the required quality of service. 

30 

16. A method as clamed in claim 1 comprising the steps of: 
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measuring the position of the nodes at a first time; 
measuring the position of the nodes at a second time; 
calculating the velocity of the nodes from the position measurements; 
storing the calculated velocities in the at least one of the first and second 
5 messages 

selecting a path for communication between the source node and the destination 
node using said stored velocities. 

17. ' The method as claimed in any preceding claim wherein a routing algorithm 
10 uses an priority value to weight a parameter which is used for selecting a path for 

communication between the source node to the destination node. 

18. A method as claimed in any preceding claim, wherein a routing algorithm 
uses a mapping value that indicates the degree to- which a measured parameter 

15 value meets a predefined parameter value. 

19. A method as claimed in any preceding claim, wherein said network is an 
ad hoc network. 

20 20. A method as claimed in any preceding claim, wherein at least.one of said 
nodes is a mobile station. 

21. An ad hoc wireless network comprising a plurality of nodes wherein a 
source node is arranged to transmit a first message to a destination node, 
25 said destination node is arranged to receive the said first message, 

said destination node is arranged to transmit a second message in 
response to said first message and; 

at least one intermediate node is arranged to transmit at least one of said 
first message and said second message via a plurality of paths, 
30 said network further comprising selecting means 
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arranged to select at least one of said plurality of paths for communication 
between said source node and said destination node using an indication of the 
time taken for at least one of said second and first messages to propagate 
between each node on each path; 



22. An ad hoc network as claimed in claim 21 wherein means to time stamp 
the at least one of the first and second messages is provided at each node. 

23. An ad hoc network as claimed in claim 21 wherein each node comprises 
10 processing means to calculate the- actual time taken for the at least one of said 

first and second messages to propagate between each node and to store the 
calculated time in the at least one of the first and second messages. 

24. An ad hoc network claimed in claim 21 further comprising means to 
15 measure the signal quality of the at least one of the first and second messages; 

wherein said selecting means is further arranged to select a path for 
communication between the source node and the destination node using said 
measured signal quality. 

20 25. An. ad hoc network as claimed in claim 21 comprising processing means 
to calculate the distance between each node; and 

wherein said selecting means is further arranged for selecting a path for 
communication between the source node and the destination node using the 
calculated distance. 



26. An ad hoc network as claimed in claim 21 comprising processing means 
for calculating the velocity of the at least one of said nodes; and 

wherein said selecting means is further arranged for -selecting a path for 
communication between the source node and the destination node using the 
30 calculated velocity. 
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27. An ad hoc network as claimed in claim 21 further comprising means to 
measure power attributes of at least one of said nodes; and 

wherein said selecting means is further arranged to select a path for 
communication between the source node and the destination node using said 
5 measured power attributes. 

28. An ad hoc network as claimed in claim 21 further comprising: means to 
assess the link stability of the plurality of paths between said plurality of nodes; 
and 



10 wherein said selecting means is further arranged to select a path for 
communication between the source node and the destination node using said 
assessed link stability. 

29. An ad hoc network as claimed in claim 21 comprising: means to assess 



wherein said selecting means is further arranged for selecting a path for 
communication between the source node and the destination node based on the 
required quality of service. 

20 30. An ad hoc network as claimed in claim 21. wherein: 

said selecting means is arranged to select a plurality of candidate routes; 

said network further comprising mapping means for mapping said plurality of 

candidate routes to a plurality of quality of service classes; and 

wherein said selecting means is further arranged to select a path from one of 

25 said plurality of candidate routes that is mapped to a required quality of service. 

31. A node in an ad hoc wireless network, said ad hoc network comprising a 
plurality of nodes, said node comprising: 

means for receiving and transmitting at least one of a plurality of messages sent 
30 on a plurality of communication paths; 

means for indicating the time said at least one message is received at the node; 



15 the required quality of service; and 
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and. Irian's for indicating the time said message is transmitted from the node. 

32. A node as claimed in claim 31, wherein: 

the means for indicating the time said message is received and transmitted are 
5 provided by time stamping the message. 

33. A node as claimed in claim 31 further comprising means for storing the 
indication of the time said message is.received and transmitted in a metrics field 
of the message. 

10 

34. A node as claimed in claim 31 further comprising means for calculating the 
time for said at least one message to propagate from another of said plurality of 
nodes to said node using the indication of time said message is received and 
transmitted. 

15 

35. A node as claimed in claim 31 further comprising means for -calculating the 
distance between said plurality of nodes using the indication of time said 
message is received and transmitted. 

20 36. A node as claimed in any claims 31 to 35 T further comprising selecting means 
to select a path from said plurality of communication paths on which to transmit 
and/or receive messages using said calculated time. 

25 
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